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Abstract: 

An optical switch circuit network (100) includes r input optical switches (102a) 
each having n input ports, m 1 x r optical switches (125a), and an n x m optical 
switch (52a) for switching a path connecting the input ports and the optical 
switches (125a), and r output optical switches (125) each having m r x 1 optical 
switches (125b), n output ports, and an m x n optical switch (52b) for switching a 
path connecting the output ports and optical switches (125b). The i-th 1 x r 
optical switch of each input optical switch is connected to the i-th r x 1 optical 
switch of each output optical switch. 
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(54) IWo-stage optical switch circuit network 

(57) An optical switch circuit network (1 00) includes 
r input optical switches (102a) each having n input 
ports, m 1 X r optical switches (125a). and an n x m opti- 
cal switch (52a) for switching a path connecting the 
input ports and the optical switches (125a). and r output 
optical switches (125) each having m r x 1 optical 



switches (125b), n output ports, and an m x n optical 
switch (52b) for switching a path connecting the output 
ports and optical switches (125b). The i-th 1 x r optical 
switch of each input optical switch is connected to the I- 
th r X 1 optical switch of each output optical switch. 



102a-1 



125a- 1 



Fig. 2 



125b-l 102b-l 





\ A 






n = 


1 

MATRIX 
SWITCH 


(11 

Y t 






1 

iwlATRlX 
SWITCH 






Lm 




mj 



= n 



n = 



n = 










r 




1 \ 


MATRIX 


E " 


"iinl 


SWITCH 









125a-r 



125b-r 102b-r 



Printed by XsroK (UK) Business Services 
2.16.7 (HRS)/3.6 



r 



EP 1 030 532 A2 



Description 

BACKGROUND OF THE INVENTION 
Field Of the Invention 

[0001] The present invention relates to an optical 
switch circuit network for controlling paths for the propa- 
gation of optical signals. 

Description of the Background Art 

[0002] It has been customary to implement a 
number of input ports and output ports, i.e.. a large- 
scale architecture with optical switches by sequentially 
combining the optical switches. Various schemes here- 
tofore proposed for combining optical switches include 
an optical path cross-connect system taught in T. Nishi. 
et al. "Optical Switch Architectures for Optical Path 
Cross-Connect", Proceedings of the 1998 General Con- 
ference of the Institute of Electronics, Information and 
Communication Engineers of Japan. B-10-97. March 
1998. The cross-connect system constitutes an optical 
switch circuit network with optical matrix switches 
arranged in three consecutive stages. This, however, 
brings about a substantial loss in the optical matrix 
switches. Effective architectures for increasing the 
number of input ports and output ports with two stages 
of optical matrix switches have not been reported yet 
[0003] An optical switch circuit network using 
thermo-optical (TO) switches is disclosed A. Watanabe, 
et al. '^xie delivery and coupling switchboard for 320 
Gbit/s throughput optical patii cross-connect system". 
Electronics Letters, Vol. 33, No. 1 , pp. 67-68, January 2. 
1997. The TO switches each include means for switch- 
ing an optical path by varying the resistance of an opti- 
cal waveguide witii heat. Each TO switch is located at 
the intersection of one input and one output. The net- 
work drives only one of the TO switches connected to a 
desired Input and a desired output for the purpose of 
saving drive power. 

[0004] However, the problem with the above TO 
switch scheme is that it has to serially connect TO 
switches equal in number to the inputs or tiie outputs 
and therefore results in a prohibitive total length. Specif- 
ically, when the TO switch scheme is used to construct 
an N X N optical switch circuit network, it is necessary to 
switch Nlog2N TO switches at the input port side and 
switch Nlog2N TO switches at the output port side. In 
the worst case, therefore, the network has to switch 
2Nlog2N TO switches in total. 

SUMMARY OF THE INVENTION 

[0005] It is tiierefbre an object of the present inven- 
tion to provide an optical switch circuit network needing 
only two stages of optical matrix switches. 
[0006] H is another object of the present invention to 



provide an optical switch circuit network capalMe of scal- 
ing down the individual optical matrix switch. 
[0007] It is a further object of the present invention 
to provide an optica! switch circuit network which is 
5 short despite the use of TO switches and capable of 
reducing power necessary for driving TO switches while 
stabilizing the power. 

[0008] In accordance with the present invention, an 
optical switch drcuit network including nr {n and r being 

10 positive integers) input ports and nr output ports 
includes r input optical switches arranged at the input 
side and each having n of the nr input ports, m {m being 
a positive integer) 1 x r optical switches and an n x m 
optical switch for selectively connecting the n input ports 

75 and m 1 x r optical switches, and r output optical 
switches arranged at the output side arxl each having n 
of the nr output ports, mrx^ optical switches and an m 
X n optical switch for selectively connecting said n out- 
put ports and m^x^ optical swvitches. The i-th (/ being 

20 an integer between 1 and r) 1 x r optical switch of each 
of the input optical switches is connected to the i-th r x 1 
optical switch of each of the output optical switches. 
[0009] Also, in accordance with the present inven- 
tion, an optical switch circuit network including nr input 

25 ports and nr output ports includes r/h {h being a posi- 
tive integer) input optical switches arranged at the input 
side and having nh of the nr input ports, mhxr optical 
switches and h nxm optical switches each being con- 
nected to a particular one of n of the nr input ports to 

30 ttiereby switch a patii between the n input ports and 
said mhxr optical switches, and r/h optical output 
swvitches arranged at the output side and having nh of 
tiie nr output ports, m r x h optical switches and hmxn 
optical switches each being connected to particular one 

35 of n of the nr output ports to thereby switch a patii 
between the n output ports and the /t? r x h optical 
switches. The i-th (i being an integer between 1 and m) 
h X r optical switch of each of the input optical switches 
is connected to the i-tii r x h optical switch of each of the 

40 output optical switches by a tape-like optical fiber consti- 
tuted by h connect lines. 

[0010] Further, an optical switch circuit network 
including nr input ports and nr output ports of tiie 
present invention includes r/h input optical switches 

45 an-anged at the input side and having nh of the nr input 
ports, m/h' {h* being a positive integer) nh x h'r optical 
switches and nh/h' h' x m/h' optical switches each being 
connected to particular one of h' of the nr input ports to 
thereby switch a path between the /?* input ports and 

so m/h' nh x h'r optical switches, and r/h output optical 
switches arranged at the output side and having nh of 
the nr output ports, m/h' h'r x nh optical switches and 
nh/h' m/h' x h' optical switches each being connected to 
particular one of h' of the nr output ports to thereby 

55 switch a patii between the h' output ports and h'r x nh 
optical switches. The h' x m/h* optical switches each are 
connected to said nh x h* optical switches by tape-like 
optical fibers each comprising h' connect lines. The 
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m/h' optical switches each are connected to the r/nh 
optical swftches by tape-like optical fibers each having 
h* connect lines. The Input optical switches are con- 
nected to the output optical switches by tape-like optical 
fibers each having h connect lines. 5 
[0011] Moreover, in accordance with the present 
invention, an optical switch circuit network including N 
Input ports and N output ports includes 2" input sec- 
tions each having N/2" of the N input ports, 2" N/2" x 
N/2" input optical switches, and 1x2 optical switches 10 
arranged in an n-stage tree configuration and connect- 
ing the input ports and input optical switches, and 2" 
output sections each hying N/2" of the N output ports, 
2" N/2" X N/2" output optical switches, and 2 x 1 optical 
switches arranged in an n-stage ti*ee configuration and is 
connecting the output ports and output optical switches. 
The j-th a being an integer between 1 and 2") input opti- 
cal switch of tiie i-th (/ being an integer of 2" or smaller) 
input section is connected to the i-th output optical 
switch of the j-th output section. so 

BRIEF DESCRIPTION OF TH E DRAWINGS 

[0012] The objects and features of tiie present 
invention will become more apparent from the consider- 25 
ation of ttie following detailed description taken in con- 
junction with the accompanying drawings in which: 

FIG. 1 is a blockdiagram schematically showing the 
general construction of an optical switch circuit net- 30 
work in which optical matrix switches are arranged 
in three consecutive stages; 
FIG. 2 is a schematic trfock diagram showing an 
optical switch circuit network embodying the 
present invention; 35 
FIG. 3 is a schematic block diagram useful for 
understanding the configuration of an optical matrix 
switch included in the network of FIG. 2; 
FIG. 4 is a scheniatic block diagram showing the 
optical mafrix switch included in the network of FIG. 40 
2; 

FIG. 5 is a schematic Uock diagram showing an 
alternative embodiment of the present invention; 
FIG. 6 is a schematic block diagram for describing 
the configuration of an optical matrix switch 45 
included in the network of FIG. 5; 
FIG. 7 is a schematic block diagram showing the 
optical nrtatrix switch included in the network of FIG. 
5; 

FIG. 8 is a schematic block diagram showing 50 
another alternative embodiment of the present 

invention; 

FIG. 9 is a schematic block diagram showing still 
another alternative embodiment of tiie present 
invention; 55 
FIGS. 10-12 are schematic block diagrams each 
showing a specific configuration of an optical device 
included in the embodiment of FIG. 9; and 



FIGS. 13-17 are schematic block diagrams each 
showing a further anotiier alternative embodiment 
of the present invention. 

[0013] In the drawings, identical reference numer- 
als designate like structural elements. 

DESCRIPTION OF THE PREF ERRED EMBODI- 
MENTS 

[0014] To better understand tiie present invention, 
brief reference will be made to the general consb-uction 
of an optical switch circuit network having a three-stage 
cross-connect configuration, shown In FIG. 1. As 
shown, tfie switch circuit network, generally 50, includes 
optical matrix switches 52a-1 through 52a-r an-anged at 
the first stage, optical matrix switches 52b-1 through 
52l>m arranged at tfie second stage, and optical mati^ix 
switches 52c-1 through 52c-r an^anged at the tiiird 
stage. The suffixes r and m are representative of posi- 
tive integers. 

[0015] In the specific network of FIG. 1, n input 
ports are connected to each of the matrix switches 52a- 
1 through 52a-r constituting the first stage. Likewise, n 
output ports are connected to each of the matrix 
switches 52c- 1 tiirough 52c-r constituting the third 
stage. The entire network 50 therefore has nr inputs 
and nr outputs, i.e. . an nr x nr configuration. 
[0016] The matrix switch 52a-1 Included in the first 
stage is connected to all of the matrix switches 52b-1 
through 52b-m of the second stage. Likewise, tiie ottier 
mati-ix switches 52a-2 through 52a-r of ttie first stage 
each are connected to all of tiie mati-ix switches 52b- 1 
through 52b-m of tiie second stage. Therefore, tiie 
matrix switches 52a- 1 tiirough 52a-r each have n 
inputs and m outputs, i.e.. an n x m configuration. 
[001 7] The matrix switch 52b-1 included In tiie sec- 
ond stage is connected to all of the mati-ix switches 52c- 
1 through 52c-r of the third stage. Also, the other matrix 
switches 52b-2 through 52b-m of the second stage 
each are connected to ail of the matrix switches 52c- 1 
tiirough 52c-r of tiie third stage. Therefore, the mati-ix 
switches 52b- 1 through 52b-m each have r inputs and r 
outputs, i.e.. an r x r configuration. The matrix switches 
52c- 1 through 52c-r each have m inputs and n outputs, 
i.e. , an m X n configuration. 

[001 8] The entire switch circuit network 50 therefore 
has nr inputs and nr outputs, as mentioned earlier. If a 
relation of m 2^ 2n - 1 is satisfied, ttien ttie network 50 is 
fully non-blocking, as well known in the art. 
[0019] Refen^ing to FIG. 2. an optical switch circuit 
network embodying the present invention is generally 
designated by the reference numeral 100, The illustra- 
tive embodiment constitutes an improvement over tiie 
conventional optical switch circuit network 50. As 
shown, the network 100 primarily differs from ttie net- 
work 50 in that it has optical mati-ix switches arranged 
only In two stages. Specifically, the network 100 is made 
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up of optical matrix switches 102a-1 through 1 02a-r and 
optical matrix switches 102b-1 through 102l>r arranged 
at its input side and its output side, respectively. 
[0020] Briefly, the matrix switches I02a-1 through 
1 02a-r at the input side each are the combination of cor- 
responding one of the first-stage matrix switches 52a-1 
through 52a-r of the conventional network 50 and oorre- 
sponcfing one of the input portions of the second-stage 
matrix switches 52b- 1 through 52b-m. Likewise, the 
matrix switches 102b-1 through 102b-r at the output 
side each are the combination of corresponding one of 
the third-stage matrix switches 52c- 1 through 52c-r of 
the conventional network 50 and corresponding one of 
the output portions of the seoond-stage matrix switches 
52b-l through 52b-m. The matrix switches I02a-1 
through 102a-r and matrix switches 102b-1 through 
102b-r are symmetrical in configuration to each other 
with respect to inputs and outputs. Let the following 
description concentrate on the arrangements of the 
first-state matrix switches 102a-1 through 102a-r in 
order to avoid redundancy. 

[0021] To constitute the matrix switches 102a-1 
through 102a'r, assume that the second-stage matrix 
switches 52b-1 through 52b-m of the conventional net- 
work 50 each are divided into an input portion and an 
output portion at its center, and that the input portions of 
the matrix switches 52b-1 tinrough 52b-m each are con- 
nected to the first-stage matrix switches 52a-1 through 
52a-r. FIG. 3 shows a specific configuration of one of 
the matrix switches 52b- 1 tiirough 52b-m bisected at its 
center M. Because the matrix switches 52b- 1 through 
52b-m may have an identical configuration, only the 
matrix switch 52l>1 will be described by way of example 
with reference to FIG. 3. 

[0022] As shown, the matrix switch 52b-1 includes 
optical switches 125a-1 through 125a-r respectively 
connected to tiie r inputs and optical switches 125b-1 
through I25b-r respectively connected to the r outputs. 
In the specific configuration of FIG. 3. r is assumed to 
be 4 for the sake of illustration. The optical switches 
125a-1 through 125a-r at the Input side each have a sin- 
gle input and r outputs (1 x r) while the optical switches 
125b-1 through 125b-r each have r inputs and a single 
output (r x 1) . The optical switches 125a-1 through 
125a-r each are cross-connected to all of the optical 
switches 125b-1 through 125b-r. 
[0023] The matrix switches 52b-1 through 52b-m 
each include tiie atx>ve optical switches 125a-1 through 
1 25a-r. It follows that the entire switch circuit network 50 
includes m optical switches 125a-1 through m optical 
switches 125a-r. In the following description, the m opti- 
cal switches t25a-1 included in the input portions of the 
matrix switches 52b- 1 through 52b-m are considered as 
a group. Generally, m optical switches 125a-i (/being an 
integer between 1 and r. inclusive) included in the input 
sides are considered as a group. 
[0024] As shown in FIG. 4, the matrix switch 102a- 
1. FIG. 2. included in the illustrative embodiment is a 



device implemented by the combination of the above 
group of m optical switches 125a-1 and first-stage 
matrix switch 52a-1, FIG. 1. The matrix switch 52a-1 
has n inputs and m outputs, as stated eariier. The n 

5 inputs are respectively connected to the input ports of 
the network 100 of the illustrative embodiment while the 
m outputs are respectively connected to the m optical 
switches 125a-1. Generally, the matrix switch 102a-i (/ 
being an integer between 1 and r, inclusive) of the net- 

10 work 1 00 is a device implemented by the combination of 
the igroup of m optical switches 125a-i and first-stage 
matix switch 52a-i of the conventional network 50. 
[0025] The matrix switches 102b-1 through 102b-r 
at the output side are identical in configuration w'rth the 

15 mat-ix switches 102a-1 through 102a-r except for the 
following. The optical switches 125b-1 through 125b-r of 
each of the second-stage matrix switches 52b-1 
through 52b-m are reananged in the same manner as 
at tiie input side and combined with the third-stage 

20 matrix switches 52c-1 through 52c-r of the conventional 
network 50. 

[0026] The switch circuit network 100 with the 
above configuration successfully inrplements the same 
number of input ports and output ports as the three- 
25 stage type network 50 only with two stages of matrix 
switches. 

[0027] Reference will be made to FIG. 5 for describ- 
ing an alternative embodiment of the present invention. 
As shown, an optical switch circuit networK generally 

30 200. has optical matrix switches 202a- 1 through 202a- 
(r/h) at its input side and has optical matrix switches 
202C-1. through 202c-(r/h) at its output side. The suffix 
h is representative of r or a smaller positive integer. The 
network 200 is representative of a more general conf ig- 

35 uration of the previous network 100 and identical with 
the network 100 when /i is 1 . 

[0028] The matrix switches 202a-1 tiirough 202a- 
(r/h) at the input side each are the combination of corre- 
sponding one of the first-stage matrix switches 52a-1 

40 tiirough 52a-r of the conventional network 50 and the 
input portions of the second-stage matrix switches 52b- 
1 through 52b-m. Likewise, the matrix switches 202c- 1 
tiirough 202c-(r/h) at the output side each are the com- 
bination of corresponding one of the third-stage matrix 

45 switches 52c- 1 through 52c-r of the conventional net- 
work 50 and the output portions of the second-stage 
matrix switches 52b-1 through 52b-m. The matrix 
switches 202a- 1 through 202a-(r/h) and matrix switches 
202C-1 through 202c-(r/h) are symmetrical In configura- 

50 tion to each other with respect to inputs and outputs. Let 
the following description concentrate on the arrange- 
ments of the matrix switches 202a- 1 through 202a-(r/h) 
in order to avoid redundancy. 

[0029] Again, to constitute the matrix switches 
55 202a- 1 through 202a- (r/h), assume that the second- 
stage matrix switches 52b-1 tiirough 52b-m of the con- 
ventional network 50 each are divkied into an input por- 
tion and an output portion at its center, and that the 
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irput portion of each of the matrix switches 52b-l 
through 52b-m is connected to the first-stage matrix 
switches 52a-1 through 52a-r. FIG. 6 shows a specific 
configuration of one of the matrix switches 52b- 1 
through 52b-m bisected at its center M. Because the 
matrix switches 52b-1 through 52b-m may have an 
identical configuration, as stated previously, only the 
matrix switch 52b-1 will be described by way of example 
with reference to FIG. 6. 

[0030] As shown, the r x r matrix switch 52t>-1 has 
r/h groups of h inputs. Optical switches 225a- 1 through 
225a-(r/h) are arranged at the input side of the matrix 
switch 52b-1 . and each are connected to particular one 
of the r/h input groups. Optical switches 225b-1 through 
225b-(r/7)) are arranged at the output side of the matrix 
switch 52b*1 . and each are connected to particular one 
of r/h output groups. In FIG. 6, h is assumed to be 4 for 
the sake of illustration. 

[0031] The optical switches 225a-1 through 225a- 
(r/h) at the input side each have h inputs and r outputs 
(h X r) while the optical switches 225b- 1 through 225b- 
(r/h) each have r inputs and h outputs (r x h) . The opti- 
cal switches 225a-1 through 225a-(r/h} each are cross- 
connected to all of the optical switches 225b-1 through 
225b-(r/h) by bundles 801 each having h connect lines. 
Each bundle 801 of h connect lines may be inple- 
mented by h optical fibers arranged in the form of a tape 
or strip. 

[0032] The m matrix switches 52b-1 through 52b-m 
each include the above optical switches 225a-1. 
through 225a-(r/h). It follows that the entire switch circuit 
network 50 Includes m optical switches 225a-1 through 
m optical switches 225a-r/h. The m optical switches 
225a-1 at the input side are therefore considered as a 
group. In general, m optical switches 225a-i (i being an 
integer between 1 and r, inclusive) at the input side are 
considered as a group. 

[0033] As shown in FIG. 7, the matrix switch 202a- 
1 , FIG. 5. included in the illustrative embodiment is a 
device implemented by the combination of the above 
group of m optical switches 225a-1 and h first-stage 
matrix switches 52a-1 . Each matrix switch 52a-1 has n 
inputs and m outputs, as stated earlier. The n inputs are 
respectively connected to n of the n x h input ports of 
the network 200 of the illustrative embodiment while the 
m outputs are respectively connected to the m optical 
switches 225a-1 . In general, the n^atrix switch 202a-i (/ 
being an integer between 1 and (r/h) . inclusive) of the 
network 200 is a device inplemented by the combina- 
tion of the group of /n optical switches 225a-i and h first- 
stage matrix switches 52a-i of the conventional network 
50. 

[0034] The matrix switches 202c- 1 through 202c- 
(r/h) at the output side are identical in configuration with 
the matrix switches 202a-1 through 102a-(r/h) except 
for the following. The optical switches 225c-1 through 
225c-(r/h) of each of the second-stage matrix switches 
52b-1 through 52t>m are rearranged in the same man- 
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ner as at the input side and combined with the third- 
stage matrix switches 52c- 1 through 52c-r of the con- 
ventional network 50. 

[0035] The switch circuit network 200 with the 
5 above configuration is also successful to implement the 
same number of input ports and output ports as the 
three-stage type network 50 only with two stages of 
matrix switches. 

[0036] Another alternative embodiment of the 

10 present invention will be described with reference to 
FIG. 8. shown, an optical switch circuit network 
includes matrix switches 302a-1 through 302a-r (see 
FIG. 9) arranged at the input side and which are the 
improved version of the matrix switches 102a-1 through 

IS I02a-r of the network 1 00. Because the matrix switches 
302a-1 through 302a-r are identical in configuration, the 
following description will concentrate on the matrix 
switch 302a-1 shown in FIG. 9. The matrix switches 
102b-1 through 102b-r at the output side each are 

20 replaced with improved one symmetrical in configura- 
tion to the matrix switch 302a-1 . 
[0037] To implement the matrix switch 302a-1 of the 
illustrative embodiment, assume that the configuration 
shown in FIG. 8 is substituted for the matrix switch 

25 102a-1 shown in FIG. 4. As shown in FIG. 8. the matrix 
switch 102a-1 includes the matrix switch 52a-1 having n 
inputs and m outputs and m optical switches 125a. The 
matrix switch 52a- 1 is made up of n optical switches 
351a arranged at the input side and m optica! switches 

30 351b arranged at the output side. Each optical switch 
351a and each optical switch 351 b have a 1 x m config- 
uration and an n X 1 configuration, respectively. The 
optical switches 351a each are connected to all of tiie 
optical switches 351b by connect lines 352. 

35 [0038] In the illustrative embodiment the above 
connect lines 352 each are divided into two so as to 
form a group of n 1 x m optical switches 351a and a 
group of m n X 1 optical switches 351 b. Then, the m n x 
1 optical switches 351b each are connected to one of 

40 the m 1 X r optical switches 125a following it, tiiereby 
newly constituting n x r optical devices 361 shown in 
FIG. 9. The optical devices 381 each control the path for 
a single optical signal. 

[0039] FIGS. 1 0-12 each show a particular conflgu- 
45 ration of the above n x r optical device 361. FIG. 10 
shows a so-called Banyan network having 2x2 optical 
devices 372 arranged at logaf consecutive stages. In 
the Banyan network, paths extend from all of the input 
ports to all of the output ports. FIG. 1 1 shows another 
so specific configuration including plane waveguides 374a 
and 374b and channel waveguides 375 connecting 
them together. The channel waveguides 375 are pro- 
vided witii phase control electrodes 376. By controlling 
voltage to be applied to the phase control electrodes 
55 376. it is possible to send an input from a desired input 
port to a desired output port. FIG. 12 shows still another 
specific configuration including a star coupler 378 and 
two groups of optical gates 377a and 377b respectively 
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preceding and following the star coupler 378. The opti- 
cal gates 377a and 377b between a desired input port 
and a desired output port are opened to set up a chan- 
nel via the star coupler 378. 

[0040] The device shown in FIG. 7 is also applica- 
ble to the 1 X m optical switches 351a shown in FIG. 9. 
Generally, among dances having n inputs and r outputs 
each, a device capable of controlling only a single path 
is simpler in configuration than the other devices capa- 
bie of controlling two or more paths. 
[0041] As for the number Ts of optical devices 
included in each of the nnatrix switches 302a-1 through 
302a-r. assume that the 1 x m device 351a has a tree 
configuration of 1 x 2 optical devices, and that the n x r 
optical switch 361 has the Banyan configuration shown 
in FIG. 10. Then, the number Ts is expressed as: 

Ts = n(m - 1) + {mr/2)log2r 

[0042] Assuming that the optical switch scale N is 
nr. and that m is 2n on the basis of the non-Wocking 
condition of m ^ 2n - 1 , then the number 7s is rewritten 
as: 

Ts = (N/r) (2m - 1) + Nlog 

[0043] Assuming that N and r are 64 and 8. respec- 
tively, then the number Ts is 8 x (1 6 - 1) + 64 x 3 = 282 
and substantially equal to the number of optical devices 
included in a conventional 16x16 scale (N = 1 6) optical 
matrix switch. In this manner, the illustrative embodi- 
ment noticeably reduces the number of optical devices 
and thereby scales down the individual optical matrix 
switch. 

[0044] In addition, the illustrative enftoodiment 
makes crosstalk negligil^le by preventing two or more 
signals from being input to the 1 x m optical switch 351a 
or the n X r optical switch 361 at the same time. 
[0045] Referring to FIGS. 13 and 14, another alter- 
native embodiment of the present invention will be 
described which constitutes an improvement over the 
network 200 shown In FIG. 5. As shown, an optical 
switch circuit network includes an optical nratrix switch 
402a-1 arranged at its input side in place of the matrix 
switch 202a-1 of FIG. 13. Of course, optical matrix 
switches 402a-2 through 402a-rAi identical in configura- 
tion with the matrix switch 402a-1 are substituted for the 
matrix switches 202a-2 through 202a-r/h of FIG. 13 
although not shown specifically. Likewise, the matrix 
switches 202b-1 through 202b-r/h arranged at the out- 
put side each are configured symmetrically to the matrix 
switch 402a-1 of FIG. 13 in the right-and-left direction. 
[0046] As shown in FIG. 1 3. the matrix switch 402a- 
1 has at its input side n/h' groups of ft h' x m optical 
switches 451 a-1 through 451 a-h. The nh inputs are 
divided into groups of /7' inputs and connected to nh/h* 
h* X m optical switches in total. It is to be noted that h, h\ 
m and n are positive integers. The matrix switch 402a-1 



has at ifs output side m/h' nhAi' x h'r optical switches 
430-1 through 430-(m/h'). The optical switches 430-1 
through 430- (m/h') each are made up of n/h* x h* optical 
switches 451b-1 through 451b-h and ft' h x r optical 
5 switches 425a arranged at the input side and output 
side, respectively. The optical switches 451b and h x r 
optical switches 425a are cross-connected to each 
other. 

[0047] The matrix switch 402a-1 has n/ft* groups of 

10 ft h' x m optical switches 451a-1 through 451a-h, as 
stated above. The first h' x m optical switch 451 a-1 of 
each group is connected to the first n x h* optical 
switches 451 b-1 of the optical switches 430-1 through 
430- (m/hl by tape-like optical fibers 803 each having ft' 

15 connect lines. Generally, ttie i-tii {/ being an integer 
between 1 and h. inclusive) h' x m optical switch 451 a-i 
of each group is connected to tiie i-th n x h* optical 
switches 451 b-i of the optical switches 430-1 through 
430-{nn/h') by tape-like optical fibers each having ft' con- 

so nect lines. 

[0048] The configuration of each of the nh x h'r opti- 
cal switches 430-1 through 430- (m/hO shewn in FIG. 13 
is only illust-ative. As shown in FIG. 14. the crux is that 
each optical switch has any desired nh x h'r optical 

25 switches. 

[0049] The above network 400 is successful to fur- 
ther reduce the number of optical devices of each matrix 
switch and therefore to further scale down the individual 
matrix smtch. 

30 [0050] Still another alternative embodiment of the 
present invention will be described with reference to 
FIG. 15. As shown, an optical switch circuit network, 
generally 500. includes a first input section 520a-1 hav- 
ing N/2 (N being a natural number) first input ports and 
35 1x2 optical switches 521 respectively connected to tiie 
first input ports. Likewise, a second input section 520a- 
2 has N/2 second input ports and 1x2 optical switches 
521 respectively connected to the second input ports. A 
first output section 520b-1 has N/2 first output ports and 
40 2x1 optical switches 561 respectively connected to the 
first output ports. A second output section 520l>2 has 
N/2 second output ports and 2x1 optical switches 561 
respectively connected to the second output ports. N/2 
X N/2 optical matirix switches 502-1 tiirough 502-4 each 
45 set up a particular optical path between the first input 
ports or the second input ports and the first output ports 
or the second output ports. The matrix switches 502-1 
through 502-4 may be provided with a crossbar config- 
uration by way of example. 
50 [0051] More specifically, the 1 x 2 matrix switches 
521 of the first input section 520a-1 each are connected 
to tiie matrix switches 502-1 and 502-2. Ukewise. the 1 
x 2 optical switches 521 of the second input section 
520a-2 each are connected to the matrix switches 502- 
55 3 and 502-4. In the illustrative embodiment the optical 
swvitches 521 each are caused to select an adequate 
path by control means not shown. 
[0052] In the illustrative embodiment, the optical 
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switches 521 are implemented by TO switches by way 
of example. In this case, the above control means selec- 
tively turns on or turns off drive heaters, not shown, so 
as to vary the resistances of weaveguides arxl thereby 
switch the path for an optical signal. This kind of control 
means using drive heaters will be described specif ically. 
In FIG. 15. the optical switches 521 are assumed to 
select paths 503a indicated by thick lines when the con- 
trol means turns on a drive heater, but select paths 503b 
indicated by thin lines when it turns off the drive heater. 
Also, assume that the optical switches 561 select paths 
505a indicated by thick lines in FIG. 15 when the control 
means turns on a drive heater, tjut select paths 505b 
indicated by thin lines when it turns off the drive hater. 
[0053] An optical signal input to any one of the input 
ports of the first input section 520a-1 is sent to the 
matrix switch 502-1 if the drive heater assigned to the 
optical switches 521 of the input section 520a-1 is in its 
ON state. The optical signal is sent to the other matrix 
switch 502-2 if the above drive heater is in its OFF state. 
Likewise, an optical signal input to any one of the input 
ports of the second input section 520a-2 is sent to the 
matrix switch 502-4 if the drive heater assigned to the 
input section 520a-2 is in its ON state, but sent to the 
other matrix switch 502-3 if it is in its OFF state. 
[0054] The 2x1 optical switches 561 of the first out- 
put section 520b- 1 are connected to the matrix switches 
502-1 and 502-3. The 2x1 optical switches 561 of the 
second output section 520l>2 are connected to tiie 
matrix switches 502-2 and 502-4. An optical signal to be 
output from any one of the output ports of the first output 
section 520b-1 is output from the matrix switch 502-3 if 
a drive heater assigned to the optical switches 561 of 
the output section 520b-1 is in its ON state, but output 
from the matrix switch 502-1 if it is in its OFF state. Like- 
wise, an optical signal to be output from any one of the 
output ports of ttie first output section 520b-2 is output 
from tiie matrix switch 502-2 if a drive heater assigned 
the output section 502b-2 is in its ON state, but output 
from tiie matrix switch 502-4 if it is in its OFF state. 
[0055] In the above network 500. one of the drive 
heaters assigned to the input sections 520a-1 and 
520a-2 is turned on while the other heater is turned off. 
witiiout regard to the path through which an optical sig- 
nal is propagated. This is also true with the drive heat- 
ers assigned to the output sections 520b-1 and 520b-2. 
In addition, when tiie matrix switches 502-1 through 
502-4 are provided with a crossbar configuration, only 
one optical switch is turned on in each matrix switch. 
Therefore, assuming that the number of Input ports and 
that of output ports are N, N drive heaters are turned on 
in the matrix switches and in either one of the connec- 
tion to the input side of the matrix switches and the con- 
nection to the output side of the same, i.e., 2N drive 
heaters are turned on in total. 

[0056] In a conventional optical switch circuit net- 
work. 3N drive heaters, in the worst case, are turned on 
at the same time. The illustrative embodiment therefore 



reduces drive power necessary for tiie TO switches to 
2/3. In addition, the illustrative embodiment is success- 
ful to maintain tiie drive power constant without regard 
to the path along which an optical signal is propagated. 

5 [0057] fwloreover, the matrix switches 502-1 through 
502-4 with the crossbar configuration and the 1 x 2 opti- 
cal switches 521 and 2x1 optical switches 561 are 
combined in a ti-ee structure. This configuration makes 
the devices shorter than the conventional crossbar con- 
to figuration and reduces the drive power to 1 /loQaN, com- 
pared to the configuration made up of N stages of 1 x 2 
optical switches and 2x1 optical switches. 
[0058] Reference will be made to FIG. 16 for 
describing yet anotiier alternative embodiment of the 

15 present invention. This embodiment is an improved ver- 
sion of the embodiment of FIG. 15 and characterized in 
that each matrix switch for switching tiie optical paths is 
divided at its center and has its two portions integrated 
with the input section and output section, respectively. 

20 [0059] As shown in FIG. 1 6, an optical switch circuit 
network, generally 600. includes an input section 620a- 
1 including N/2 input ports, N/2 x N/2 optical switches 
622a-1 and 622a-2, and 1x2 optical switches 621 con- 
necting the input ports and optical switches 622a-1 and 

2S 622a-2. Likewise, an input section 620a-2 including N/2 
input ports. N/2 x N/2 optical switches 622a-3 and 622a- 
4, and 1 X 2 optical switches 621 connecting the input 
ports and optical switches 622a-3 and 622a-4. /\n out- 
put section 620b-1 includes N/2 output ports, N/2 x N/2 

30 optical switches 622b-1 and 622b-2. and 2 x 1 optical 
switches connecting the optical switches 622b-1 and 
622b-2 and output ports. An output section 620b-2 
includes N/2 output ports, N/2 x N/2 optical switches 
622b-3 and 622b-4, and 2x1 optical switches connect- 

35 ing the optical switches 622b-3 and 622b-4 and output 
ports. 

[0060] The optical switch 622a-1 of the input sec- 
tion 620a- 1 is connected to the optical switch 622b-1 of 
ttie output section 620b-1 . The optical switch 622a-2 of 

40 tine input section 620a- 1 is connected to the optical 
switch 622b-3 of the output section 620b-2. The optical 
switch 622a-3 of the input section 620a-2 is connected 
to the optical switch 622b-2 off tiie output section 620b- 
1 . Further, the optical switch 622a-4 of tiie input section 

45 620a-2 is connected to tine optical switch 622b-4 of the 
output section 620b-2. 

[0061] The network 600 is substantially identical 
with the previous network 500 as to tiie connection 
between tiie 2 x 2 optical switches 621 and the optical 

so switches 622a-1 ttirough 622a-4 and the connection 
between the 2 x 1 optical switches 661 and the optical 
switches 622b-1 tiirough 622b-4. Consequently, which- 
ever the path along which an optical signal is propa- 
gated to an output port may be. It is necessarily 

55 propagated once tiirough a patfi on which a drive heater 
is in its ON state (thick line 603a or 605b) and once 
through a path on which tiie drive heater is in its OFF 
state (tiiin line 603b or 605b). 
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[0062] The network 600 also achieves the advan- 
tages described in relation to the network 500. In addi- 
tion, the network 600 is advantageous in that even when 
the number N of input ports and output ports is 
increased, the network 600 can be easily integrated by 5 
dividing matrix switches with the above principle. 
[0063] FIG. 17 shows a further alternative embodi- 
ment of the present invention which is a further 
improved version of the above network 600. As shown, 
an optical switch circuit network, generally 700, includes 10 
input sections 720a- 1 through 720a-4 arxi output sec- 
tions 720b-1 through 720l>4. The input sections 720a-l 
through 720a-4 each include 1x2 optical switches 721a 
and 721b arranged at two consecutive stages in a tree 
configuration. Likewise, the output sections 720b-1 is 
through 720b-4 each include 2x1 optical switches 761a 
and 761b arranged at two consecutive stages in a tree 
configuration. 

[0064] More specifically, the input section 720a- 1 
has N/4 input ports and four N/4 x N/4 optical switches 20 
722a in addition to the 1 x 2 optical switches 721a and 
721b connecting the input ports and optical switches 
722a. The other input sections 720a-2 through 720a-4 
have the same configuration as the input section 720a- 
1 . The output section 720b-1 has N/4 output ports and 25 
four N/4 X N/4 optical switches 722b in addition to the 2 
X 1 optical switches 761a and 761b connecting the out- 
put ports and optical switches 722b. The other output 
sections 720b-2 through 720b-4 are identical in configu- 
ration with the output section 720b-1 . 30 
[0065] In the i-th (/ being an integer between 1 and 
4. inclusive) input section 720a- 1, the j-th (/ being an 
integer between 1 and 4, inclusive) optica! switch 722a 
is connected to the i-th optical switch 722b of the j-th 
output section 720-j. The N/4 input ports each are 35 
selectively connected to one of the four optical switches 
722a via tine 1 x 2 optical switches 721a and 721b 
arranged in a two-stage tree configuration. More specif- 
ically, the optical switches 721a and 721b each are 
driven by a respective drive heater. By selectively turn- 40 
Ing on and turning off such drive heaters. 2^ different 
paths, i.e. , four different paths are available for each 
input port, 

[0066] TTie N/4 output ports each are selectively 
connected to one of the four optical switches 722b via 45 
the 2 X 1 optical switches 761a arxJ 761b also an^nged 
in a two-stage tree configuration. More specifically, the 
optical switches 761a and 761 b each are driven by a 
respective drive heater. By selectively turning on and 
turning off such drive heaters. 2^ different paths, i.e. . so 
four different paths are available for each output port. 
The drive heaters of the input side and those of the out- 
put side are symmetrical to each other with respect to 
the ON/OFF state. For example, assume that an optical 
signal is propagated through any path of the input side ss 
on which the drive heater assigned to the optical 
switches 721a turns on (tiiick line) and any path on 
which the drive heater assigned to tiie optical switches 




721b turns off (thin line) . Then, at tiie output side, the 
above signal is propagated through a path on which tiie 
drive heater assigned to the optical switches 761a turns 
on and a patii on which the drive heater assigned to the 
optical switches 761 b turns off. 
[0067] The above network 700 is capable of using 
N/4 X N/4 optical switches as the optical switches 722a 
and 722b of tiie input side. Therefore, the network scale 
N can be increased without sophisticating the connec- 
tion between the input ports and the optical switches 
722a or the connection between the optical switches 
722b and the output ports. By arranging tiie optical 
switches in a symmetrical configuration, it is possible to 
reduce the total drive power of the entire network 700. 
[0068] In the network 700. only the drive heaters of 
two of tiie optical switches 721a. 721b, 761a and 761b 
are turned on on the path of an optical signal. Required 
drive power is N in the optical matrix switch and 2N on 
the path connected to the matrix switch (input or output) 
, i.e. , 3N in total. 

[0069] /\ssume tiiat the optical switches 721a and 
721b or the optical switches 761a and 761b are 
arranged in log2(N/m) stages where m denotes tiie 
number of inputs of each matrix switch 722a or tiie 
number of outputs of each matrix switch 722b. Then. 
Iog2(N/m) + 1 optical switches are turned on. It follows 
that drive power is reduced to (log2(N/m) + 
1)/(2log2(N/m) -I- 1), compared to the case wherein con- 
sideration is not given to the drive states of the optical 
switches 721a arKl 721b or 761a and 761b. 
[0070] As stated above, the illusti-ative embodiment 
successfully reduces the device length and minimizes 
an increase in drive power. 

[0071 ] The configurations of the devices included in 
the above illusti'ative embodiments are only illustrative. 
Any desired devices may be replaced with each other 
so long as they are of the same scale. Further, in the 
embodiments shown in FIGS. 16 and 17. the 1x2 opti- 
cal switches and 2x1 optical switches each may be 
arranged in a grater number of stages in order to obvi- 
ate sophisticated connect paths and to fecilitate integra- 
tion. 

[0072] In summary, it will be seen that the present 
invention provides an optical switch circuit network 
using only two stages of optical matrix switches, scaling 
down the individual optical matrix switch, and reducing 
the number of devices. Further, the network of the 
invention reduces tiie network length and drive power 
necessary for TO switches while stabilizing the drive 
power. arKl obviates sophisticated connection paths 
ascribable to the extension of input ports and output 
ports while promoting easy integration. 
[0073] The entire disclosure of Japanese patent 
application No. 35937/1999 filed February 15. 1999 
including the specification, daims, accompanying draw- 
ings and abstract of the disclosure is incorporated 
herein by reference in Hs entirety. 
[0074] While the present invention has been 
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described with reference to the illustrative embodi- 
ments, it is not to be restricted by the embodiments. It is 
to be appreciated that those skilled in the art can 
change or modify the embodiments without departing 
from the scope and spirit of the present invention. s 

Claims 



1 . An optical switch circuit network (100) including nr 
{n and r being positive integers) input ports and nr 
output ports, comprising: 



r input optical switches (102a-1) arranged at an 
input side and each comprising n of the nr 
input ports, m {m being a positive integer) 1 x r is 
optical switches (125a-1) and an n x m optical 
switch (52a-1) for selectively connecting said n 
input ports and said m 1 x r optical switches 
(125a-1) ; and 

r output optical switches (102b-1) arranged at 20 
an output side and each comprising n of the nr 
output ports, m r X 1 optical switches {125b-1) 
and an m X n optical switch (52c-1) for selec- 
tively connecting said n output ports and said 
m r X 1 optical switches (125b-1); 2s 
an i-th (/ being an integer between 1 and r, 
inclusive) 1 x r optical switch (1 25a-i) of eadi of 7- 
said input optical switches (102a-i) being con- 
nected to an i-th r x 1 optical switch (125-i) of 
each of said output optical switches (1 02b-l). 30 

A network in accordance with daim 1, CHARAC- 
TERIZED IN THAT said n X m optical switch (52a-1 . 
FIG. 8) comprises n 1 x m optical switches (351a) 
and m n X 1 optical switches (351b) connected to 35 
said 1 x m optical switches, said n x 1 optical 
switches being combined witii a particular one of 
said 1 X r optical switches to thereby constitute m n 
x r optical switches (361). 



2. 



3. 



4. 



A network in accordance wVn claim 2, CHARAC- 
TERIZED IN THAT said n x r optical swrtches (361 . 
FIG. 10) each are implemented by a Banyan net- 
work 

A network in accordance with claim 2, CHARAC- 
TERIZED IN THAT said n x r optical switches (361 , 
FIG. 11) each include phase control electrodes 
(376) and switches an patii for light propagation by 
controlling a voltage to be applied to said phase 
control electrodes. 

A network in accordance with daim 2, CHARAC- 
TERIZED IN THAT said n x r optical switches (361 , 
FIG. 12) each include a star coupler (378) and opti- 
cal gates (377a, 377b) for selectively inputting and 
oulputting light from said star coupler. 



6. An optical switch circuit network (200) including nr 
Input ports arxl nr output ports, comprising: 

r/h {h being a positive integer) input optical 
swrtches (202a- 1) anranged at an input side 
and comprising nh of the nr input ports, m h x 
r optical switches (255a- 1) and h nxm optical 
switches (52a-1) each being connected to a 
particular one of /? of the nr input ports to 
10 tiiereby switch a path between tiie n input ports 

and said mhxr optical switches; and 
r/h optical output switches arranged at an out- 
put side and comprising nh of the nr output 
ports, mr xh optical switches (255b-1) and h 
m X n optical switches (52c-1) each being con- 
nected to a particular one of n of the nr output 
ports to tiiereby switch a path between the n 
output ports and said mrxh optical switches; 
an i-th (i being an integer between 1 and m, 
indusive) h x r optical switch (225a-i) of each of 
said input optical swrtches (202a-i) being con- 
nected to an i-th r x h optical switch (2235-1) of 
each of said output optical switches (202c-i) by 
a tape-like optical fiber constituted by h con- 
nect lines. 

An optical switch circuit network including nr Input 
ports and nr output ports, comprising: 

r/h input optical switches (402a-1) arranged at 
an input side and comprising nh of the nr input 
ports, m/h' (h' being a positive integer) nh x h'r 
optical switches (430-1) and nh/h' h* x m/h' 
optical switches (451 a-1) each being con- 
35 nected to a particular one of /)' of the nr input 

ports to thereby switch a path between the h" 
input ports and said m/h" nh x h' r optical 
switches (451a-1) ; and 
r/h output optical switches arranged at an out- 
40 put side and comprising nh of the nr output 

ports, m/h' h* r x nh optical switches and nh/h" 
m/h' X h' optical switches each being connected 
to a particular one of /7' of tiie nr output ports to 
thereby switch a patii between the output 
45 ports and said h'r x nh optical switches; 

said h* x m/h' optical switches (451 a-1) each 
being connected to said nh x h' optical switches 
(430-1) by tape-like optical fibers (803) each 
being constituted by h' connect lines; 
so said m/h' optical switches each being con- 

nected to said r/nh optical switches by tape-like 
optical fibers each being constituted by h" con- 
nect lines; 

said input optical switches (402a-1) being con- 
nected to said output optical switches by tape- 
like optical fibers each being constituted by h 
connect lines. 
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8. A network in accordance with claim 7. CHARAC- 
TERIZED IN THAT said nh/h' h' x m/h' optical 
switches (451 a- 1 ) comprise n/h' input optical switch 
groups of h of said h' x m/h* optical switches; 

5 

said nh x h'r optical switches (430-1) each com- 
prising /? n/h* X h' optical switches (451 b-1) and 
/}* h X r optical switches (425a) each k)eing con- 
nected to said h h/h' x h* optical switches: 
said nh/lV m x h' optical switches comprising w 
n/h' output optical switch groups of h of said 
m/h* X h' optical switches; 
said h'r x nh optical switches each comprising 
/7 h' X n/h' optical switches and /)' r x h optical 
switches each being connected to said h' x n/h' 75 
optical switches; 

an i-th (/ being an integer between 1 and /7, 
inclusive) h* x m/h' optical switch (451a-i) in 
each of said input switch groups (402a-1) being 
connected to an i-th optical switch (451 b-i) of 20 
each of said nh x h'r optical switches (430-1) by 
a tape-like optical fiber (803) constituted by /)' 
connect lines; 
' an I-th m x h' optical switch of each of said out- 
put optical switch groups being connected to 2s 
an i-th h' x n/h' optical switch of each of said h'r 
X nh optical switches by a tape-like optical fiber 
constituted by /)' connect lines; 
an i-th h X r optical switch of each of said irput 
optical switch groups (402a-i) being connected 30 
to an i-th r X h optical switch of each of said out- 
put optical switch group by a tape-like optical 
fiber constituted by h connect lines. 

9. An optical switch circuit network (600) including N 35 
input ports and N output ports, comprising: 

2" input sections (620a-1) each comprising 
N/2" of said N input ports. 2" N/2" x N/2" input 
optical switches (622a-1), and 1 x 2 optical 40 
switches anranged in an n-stage tree configura- 
tion and connecting said input ports and said 
input optical switches; and 
2" output sections (620b-1) each comprising 
N/2" of said N output ports. 2" N/2" x N/2" out- 45 
put optical switches (622b-1), and 2 x 1 optical 
switches (661 ) arranged in an n-stage tree con- 
figuration and connecting said output ports and 
said output optical switches; 
a j-tii (/ being an integer between 1 and 2". so 
inclusive) input optical switch (622a-j) of an i-th 
(/ being an integer of 2" or smaller) input sec- 
tion (620a-i) being connected to an i-th output 
optical switch (622-i) of a j-th output section 
(620b-j). 55 

10. A network in accordance witii daim 9, CHARAC- 
TERIZED IN THAT the j-th input optical switch 



(622a-j) of tine i-th input section (620a-i) and the i-th 
output optical switch (622b-i) of the j-th output sec- 
tion (620b-j) constitute an N^" x N/2" optical 
switch. 
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